H-N, Ideograms of aneuploid callus cell with aberrant chromosomes (2n=36, 2n=32, 2n=26, 2n=25, 2n=18 and 2n=8) . N and 0 callus cells id iograms showing 2n=5 chromosomes each, but their karyotypes varied due to different degrees of structural aberration in chromosomes.
fragements in cultured metaphase cells also indicated structural altearations in chromosomes through deletion. In order to quantify all the minor and major structural changes, randomly selected 14 well spread metaphase plates selected from 5 callus samples were drawn. Ideo grams were constructed ( Fig. 1 A-O) . The chromosomes were classified into eight groups and there were four types in each group. The eight groups were A, B, C, D, AS, BS, CS and DS. The four types were Al, A2, A3, A4 for A group, B1, B2, B3 and B4 for B group and so on.
Comparative analysis of the founrteen cultured karyotypes is depicted in Table 1 . Analysis of these cultured karyotypes was performed with reference to a control karyotype, obtained from the root tip squashes of the same cultivar. All the 14 cultured karyotypes with control classified to different groups and types described supra, are presented in Table 1 . It is evident that number of satellite chromosomes in cultured metaphase cells varied from minimum 1 to maximum 5. For most of the cultured karyotypes, disparity index (DI) was higher compared to control karyotype (Table 1) . Structurally altered chromosomes were frequently encoun tered under the cultural conditions irrespective of the ploidy status of the karyotypes (Tables  I and 2 ). These altered chromosomes formed different types or groups deapending upon the degree of aberration (s). The average frequency (%) of normal and structurally altered chro mosomes in diploid, tetraploid and aneuploid callus cells is presented in Table 2 . Analysis of diploid karyotypes revealed both major and minor structural changes in the chromosomes.
Although, the callus cells showed same ploidy level (2n=14) as in the original plant ( Fig. 1 A-F), the basic karyotype nature was changed due to structural rearrangement in chromo somes. An average of 44% structurally altered chromosomes were analysed from the cul tured diploid karyotypes ( Table 2 ). The frequency of aberrations within the chromosome groups of a specific karyotype also varied. In control root tip squashes (2n= 14) the satellite group of chromosomes (BS) were contributed to 28.5% of the total chromosomes. However, in diploid callus cells (2n=14) only 7.1% satellite chromosomes were strucaturally similar to control, 4.2% satellite chromosomes were found with minor structural changes and rest were eliminated from the cells (Tables 2 and 3 ). These mninor structural changes placed them in different new types within the sateilite group (Table 2) . Interestingly a new typical non satellite group having very long, metacentric to nearly metacentric chromosomes (A) , appeared considerable frequency (10%) in the cultured diploid karyotypes ( Table 2) . Origin of this group of chromosomes might be due to non-reciprocal tranlocation. It has been observed than plant regeneration in callus culture mostly selects cells with diploid chromosome number (Vasil 1983, Larkin and Scowcroft 1981) . Variation within the regenerated plants (Somaclonal variation) is often reported (Larkin and Scowcroft 1981 , Scoweroft 1984 , McCoy and Phillips 1982 . The possibility of minor genetic reshuffles in the form of minor structural changes in chromosomes, without affecting their original chromosome number as the origin of variants in regenerants can not be ruled out. Thus, the callus culture can be proposed as a potential source of genotypes and regenerants bearing structural changes in the chromosomes which Analysis in Cultured Cells of Ba rley 195
obviously involve genetic changes of the corresponding degrees and , this in turn might result in the generation of somaclonal variants. In tetraploid callus cell, 'A' group of chromosomes nonsatellited very l ong, meta-centric to nearly metacentric chromosomes appeared in considerable frequency (A+A =25%) ( Table   Table 2 . Frequency (%) of normal (N) and structurally altered (SA) chromosomes in di ploid, tetraploid and aneuploid callus cells of H . vulgare Table 3 . Frequency (%) of different chromosome groups in cultured cell karyotypes of Hordeum vulgare L.
* Theoretical difference=b -a (Loss or grain of chromosomes of different groups by cultured cell karyotypes)
2). In tetraploid callus cells, the normal satellited chromosomes were reduced to 3.6%, how ever, 7.4% satellited chromosomes were observed with minor structural alterations ( Table 2) . Total of 68% structurally alteread chromosomes were recorded from tegraploid callus cells. 
Summary
Structural aberrations of chromosomes of 150-day-old cultured cells of barley were ex amined by karyotypic analysis. Minor and major rearrangements were detected in chro mosomes; all the metaphase cells analysed from the culture revealed the presence of aberrant chromosomes in them. Analysis of cultured diploid karyotypes showed the inclusion of 44% structurally aberrated chromosomes. It was observed that certain new karyotypes were originated due to chromosomal rearrangements, while the ploidy level remained same as that of original plant. Tetraploid cells carried greater frequency of aberrant chromosomes that diploid cells. Aneuploid cells of the culture also carried 48% structurally altered chromosomes in them. The significance of this study is discussed.
